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Abstract
These proceedings cover recent measurements of rare charmless decays B+ → K¯∗(892)0K∗(892)+, B0 →
η′K∗(892)0 and B0 → π0π0 with a data sample of 772 × 106BB¯ pairs collected at the Υ(4S ) resonance with the
Belle detector at the KEKB asymmetric-energy e+e− collider. In the decay channel B+ → K¯∗(892)0K∗(892)+ an
excess of 2.73σ is observed, which corresponds to B = (0.77+0.35−0.30 ± 0.12) × 10−6 and a longitudinal polarization
fL = 1.06 ± 0.30 ± 0.14. A signal strength of 5.0σ is measured in the decay channel B0 → η′K∗(892)0 with the
corresponding B = (2.6 ± 0.7 ± 0.2) × 10−6 and a CP asymmetry of ACP = −0.22 ± 0.29 ± 0.07. Finally we report an
updated measurement of B0 → π0π0 decays, with a measured branching fraction of B = (0.90 ± 0.12 ± 0.10) × 10−6.
Keywords: Belle, decays of bottom mesons, charge conjugation, parity, time reversal, other discrete symmetries
1. Introduction
The Belle experiment operated during the years 1999
and 2010 at the asymmetric e+e− collider KEKB in
Tsukuba, Japan. During this time more than 1 ab−1 of
data was collected at diﬀerent Υ resonances. The ma-
jority of the data was taken at the Υ(4S ) resonance, and
corresponds to 772 × 106 collected BB¯ pairs. All anal-
yses covered in this proceedings are based on the full
Belle dataset.
2. Analysis of B+ → K¯∗(892)0K∗(892)+
Decays B+ → K¯∗(892)0K∗(892)+ proceed via the
b → d transition and can provide a probe of new
physics [1]. The QCD factorization model predicts lon-
gitudinal polarization fractions of a B meson decay to
two vector particles to be ∼ 0.9 [2]. However measure-
ments of the longitudinal polarization fraction report a
value around ∼ 0.5 [3].
The decay B+ → K¯∗(892)0K∗(892)+ is reconstructed
in the channel K∗(892)0 → K+π− and K∗(892)+ →
KS π+, K+π0, where the π0 is reconstructed in the two
photon channel and the KS in the charged pion chan-
nel. Charged particles are reconstructed using standard
particle identiﬁcation criteria. All π0 candidates are re-
quired to have an invariant mass of 0.118 GeV/c2 <
mγγ < 0.15 GeV/c2, whereas the KS candidates have
to suﬃce standard impact parameter criteria and have
an invariant mass of 0.478 GeV/c2 < mππ < 0.516
GeV/c2. All subsequent K∗ candidates that have a mass
in the range from 0.78 GeV/c2 to 1.0 GeV/c2 are re-
tained.
To separate signal form background two nearly inde-
pendent kinematic variables are used; the energy diﬀer-
ence ΔE = E∗B −E∗beam and the beam energy constrained
mass Mbc =
√
E∗2beam − p∗2B0 , where E∗beam is the energy of
one of the beams in the centre-of-mass system (CMS),
p∗B0 the momentum and E
∗
B0 the energy of the B
0 candi-
date in the CMS, respectively. However, due to the pres-
ence of the π0 in the ﬁnal state, these two variables are
found to be correlated. To reduce this eﬀect the mod-
iﬁed beam constrained mass M(∗)bc is used, which takes
into account only the direction of the π0 but not its en-
ergy. Only candidates in the region M(∗)bc > 5.25 GeV/c
2
and |ΔE| < 0.15 GeV are used in the analysis.
Continuum events e+e− → qq¯ (q ∈ {u, d, s, c}) rep-
resent the dominant source of background. We use a
neural network (NN) implemented with the NeuroBayes
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Figure 1: Projections of the multidimensional ﬁt to ΔE, M(∗)bc , K
∗ masses, C′NB and the cosines of the two helicity angles θKπ. For events selected
in the signal enhanced region |ΔE| < 0.05 GeV, M(∗)bc > 5.27 GeV/c2, 0.83 GeV/c2 < mK∗ < 1.0 GeV/2 and C′NB > 3. The points with error bars
represent data; the solid line shows the combination of all event components; the hatched region is the signal; the dashed line shows combined
continuum, and BB¯ backgrounds; and the dotted line is the higher K∗ and non-resonant backgrounds.
package [4] based on event topology variables to sup-
press this background. The NN output is in the range
(−1, 1) and all candidates with a value below −0.5 are
disregarded. This requirement preserves approximately
95% of the signal and suppresses 75% of the continuum
background.
An unbinned extended maximum likelihood ﬁt is per-
formed to extract the branching fraction and longitudi-
nal polarization fraction. The ﬁt is performed simul-
taneously to the K∗(892)+ → KS π+ and K∗(892)+ →
K+π0 decay channels. The ﬁt is executed in seven
dimensions: modiﬁed beam-energy-constrained mass
M(∗)bc , the energy diﬀerence ΔE, the transformed con-
tinuum NN output C′NB, the invariant masses of the two
K∗ candidates mKπ and the cosines of the two K∗ can-
didate helicity angles θKπ. The LASS parametrization
is used to describe the K∗0(1430) resonance [5], whereas
the yields of the (Kπ)∗00 K
∗+, K¯∗0(Kπ)∗+0 and 4-body de-
cays backgrounds are determined by the ﬁt to sideband
regions in the K∗ mass distribution.
Figure 1 shows the signal enhanced projections of the
two ﬁts to ΔE, M(∗)bc , K
∗ masses, C′NB and the cosines of
the two helicity angles θKπ. A signal yield of 15.8+7.2−6.1
(KS π−) and 16.7+7.6−6.5 (K
−π0) events is observed.
The systematic uncertainty due to the higher K∗ res-
onances and non-resonant backgrounds is determined
by varying the ﬁxed valued by their individual errors.
The uncertainty due to the interference between the K∗
states and the spin-0 states is determined by including
interference terms with variable phases to the relativis-
tic Breit-Wigner function. The uncertainty of the ﬁt
model is determined by varying ﬁxed shape parameters
by their errors. We assign the uncertainty on the abso-
lute scale of reconstruction eﬃciency due to the limited
signal Monte Carlo statistics. Accounting for uncertain-
ties in the number of BB¯ pairs, ﬁts bias, particle identi-
ﬁcation,. . . a total of +16.0−15.4% and
+13.7
−13.9% is determined for
the branching fraction and the longitudinal polarization
fraction, respectively.
Including systematic uncertainties a signal with
2.73σ signiﬁcance is observed, with a corresponding
branching fraction of B = (0.77+0.35−0.30 ± 0.12) × 10−6
and a longitudinal polarization fL = 1.06 ± 0.30 ± 0.14.
The branching fraction upper limit is 1.31×10−6 at 90%
C.L..
3. Analysis of B0 → η′K∗(892)0
Two-body charmless decays of B mesons are a good
probe of new physics [1]. Due to the η-η′ mixing, the
b→ s penguin as well as the b→ u tree transition con-
tribute to the decays with an η or η′ in the ﬁnal state [6].
Subsequently η′K and ηK∗ ﬁnal states receive a con-
structive contribution whereas ηK and η′K∗ a destruc-
tive one.
Therefore, the B → ηK and B → η′K∗ decays can
be used to search for new physics that could contribute
in a loop diagram. Furthermore the penguin amplitude
could also interfere with the small b → u tree diagram,
producing large direct CP violation. Measurements of
BABAR [7] and Belle [8] seem to conﬁrm this picture.
Direct CP violation in the B → η′K∗ decay has not yet
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been probed, which constitutes a chance to search for
new physic contributions in the η(′)K(∗) system.
Extensive studies of the decay have been performed
inside the framework of perturbative QCD [9], QCD
factorization [10], soft collinear eﬀective theory [11] as
well as SU(3) ﬂavour symmetry [12], with the predicted
branching fractions being in the range (1.2−6.3)×10−6.
We reconstruct B0 → η′K∗(892)0 candidates from the
subsequent decay channels η′ → ηπ+π−, η → γγ and
K∗(892)0 → K+π−. Since the background contribution
in η′ → ργ is signiﬁcantly larger than in η′ → ηπ+π−,
the former decay channel was not considered.
For the reconstruction of tracks we require standard
particle identiﬁcation and impact parameter criteria. For
η candidates a window of 0.510 GeV/c2 < Mη < 0.575
GeV/c2 is required, whereas the η′ candidates have to
suﬃce 0.950 GeV/c2 < Mη′ < 0.965 GeV/c2 and the
K∗(892)0 candidates must have a mass in the window of
0.820 GeV/c2 < MK∗(892)0 < 0.965 GeV/c2.
To distinguish the B candidates from background the
beam-energy constrained mass, Mbc and the energy dif-
ference, ΔE are used. To improve the resolution of ΔE,
the invariant mass of the η (η′) candidate is constrained
to its world-average value [13]. All candidates that meet
Mbc > 5.22 GeV/c2 and −0.20 GeV< ΔE < 0.15 GeV
are retained for further analysis. Subsequently a best
candidate selection is performed based on the vertex ﬁt
quality.
Continuum events e+e− → qq¯ (q ∈ {u, d, s, c}) rep-
resent the dominant source of background. We use a
neural network (NN) implemented with the NeuroBayes
package [4] based on event topology variables to sup-
press this background. All candidates with a value be-
low −0.3 are disregarded. This requirement preserves
approximately 91% of the signal and suppresses 82%
of the continuum background.
An unbinned extended maximum likelihood ﬁt is per-
formed to extract the branching fraction and the CP
asymmetry ACP. The ﬁt is executed in four variables:
beam-energy-constrained mass Mbc, the energy diﬀer-
ence ΔE, the transformed continuum NN output C′NB,
and the cosine of the candidate helicity angle θH .
Figure 2 shows the Mbc, ΔE, C′NB and cos θH projec-
tions of the result of the ﬁt to data. A signal yield of
31 ± 9 events is observed. This corresponds to a sig-
niﬁcance of 6.0σ, where the signiﬁcance is deﬁned as√−2 ln(L0/Lmax), with Lmax (L0) being the likelihood
value when the signal yield is allowed to vary (ﬁxed to
zero).
The systematic uncertainties due to ﬁxed PDF shape
parameters are estimated by varying all ﬁxed parame-
ters by their respective uncertainties. The uncertainty
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Figure 2: Projections of the ﬁt results onto (a) Mbc, (b) ΔE, (c) C′NB
and (d) cos θH . Each distribution is shown in the signal enhanced
regions of the other three observables: Mbc > 5.27 GeV/c2, −0.10
GeV< ΔE < 0.06 GeV and 2.0 < C′NB < 8.0. Data are points with er-
ror bars; the ﬁt results are shown by solid curves. Contributions from
signal, continuum qq¯, generic B B¯ and rare BB¯ including nonresonant
background are shown by dashed, dotted, dash-dotted, dash-double-
dotted curves, respectively [14].
due to the ﬁxed self cross-feed is determined by varying
the yield by 50%. The ﬁt bias is evalued using pseu-
doexperiments. The limited Monte Carlo statistics give
rise to an additional 0.8% in the eﬃciency. Discrepan-
cies between data and MC values are determined using
the control channel B0 → η′KS . The charged track re-
construction is estimated on the partially reconstructed
D∗+ → D0(KS π+π−)π+ and we obtain an uncertainty of
0.35% per track. All systematic uncertainties are added
in quadrature to obtain the ﬁnal uncertainty of +8.1−8.2% for
the branching fraction and +0.067−0.066% for the CP asymme-
try.
Figure 3 shows the convolution of the statistical sig-
niﬁcance with a Gaussian function with a width equal to
the systematic uncertainty. The total signiﬁcance of the
signal after taking all the systematic uncertainties into
account is 5.0σ.
The branching fraction of B0 → η′K∗(892)0 decays
is determined to be B = (2.6 ± 0.7 ± 0.2) × 10−6, which
constitutes the ﬁrst observation of this decay channel
with a signiﬁcance of 5.0σ. Additionally the measured
CP asymmetry ACP = −0.22 ± 0.29 ± 0.07, which is
consistent with no CP violation.
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Figure 3: Distributions of (a) ﬁt likelihood and (b) −2 ln(L0/Lmax) as
a function of the branching fraction. Solid curves are after taking the
systematic uncertainty into account while dashed ones are only with
the statistical uncertainty [14].
4. Analysis of B0 → π0π0
One of the possible techniques to measure φ2 is to
study time dependent CP asymmetries in the B0 →
π+π− decay, where Belle recently published a precise
measurement of CP violation [15]. However, the an-
gle φ2 cannot be extracted easily, since both tree and
penguin diagrams contribute, each with diﬀerent weak
phases. One possibility to overcome this is an isospin
analysis of the ππ system [16], for which the branching
fraction and ACP of the decay B0 → π0π0 are needed.
This decay is also important because QCD-based fac-
torization predicts a branching ratio bellow ∼ 1 × 10−6,
however previous measurements of Belle and BABAR
place this value around ∼ 2 × 10−6 [17, 18].
We reconstruct B0 → π0π0 candidates from the sub-
sequent decay channels π0 → γγ. We require that the
reconstructed photons have an energy greater then 50
MeV in the barrel and 100 MeV in the endcap region
of the electromagnetic calorimeter (ECL). The invariant
mass of the two photon combination has to suﬃce 115
MeV/c2 < mγγ < 152 MeV/c2 and at the same time the
mass constrained vertex ﬁx should have a χ2 < 50.
Kinematic variables are used to separate signal and
background: the beam-energy constrained mass, Mbc
and the energy diﬀerence ΔE. All candidates that meet
Mbc > 5.26 GeV/c2 and −0.3 GeV< ΔE < 0.2 GeV are
retained for further analysis. Subsequently a best can-
didate selection is performed based on the deviation of
the two photon mass from the actual π0 mass.
To suppress continuum events e+e− → qq¯ (q ∈
{u, d, s, c}) a Fisher discriminant formed out of 16 mod-
iﬁed Fox-Wolfram moments is used [19]. The Fisher
discriminant output is in the range (−1, 1) and all candi-
dates with a value below −0.3 are disregarded.
Based on MC studies it has been observed that the
BB¯ background was due to out-of-time ECL events.
Figure 4 shows the Mbc distribution of out-of-time BB¯
background events, a clear peaking structure can be ob-
served. This type of background is removed by a timing
cut.
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Figure 4: Distributions of Mbc for out-of-time BB¯ background events.
An unbinned maximum likelihood ﬁt is performed to
extract the branching fraction. The ﬁt is executed in
three dimensions: beam-energy-constrained mass Mbc,
the energy diﬀerence ΔE, the continuum suppression
output C.
Figure 5: Projections of the ﬁt results onto (Left) ΔE, (Middle) Mbc,
(Right) C. The distributions of Mbc and ΔE are shown in the sig-
nal enhanced region: 5.275 GeV/c2 < Mbc < 5.285 GeV/c2, −0.15
GeV< ΔE < 0.05 GeV. Data are points with error bars; the ﬁt results
are shown by black curves. Contributions from signal, continuum qq¯,
rare B B¯ and B→ ρπ are shown with red, green, brown and blue lines
respectively.
Figures 5 shows the signal enhanced projections of
the two ﬁts to ΔE, Mbc and C. A signal yield of
225 ± 30 events is observed. Systematic uncertainties
of eﬃciency assuming input branching fraction contin-
uum background parameters, signal parametrization pa-
rameters and the timing cut eﬃciency are estimated to
amount to 11%.
The branching fraction of B0 → π0π0 decays is deter-
mined to be B = (0.90±0.12±0.10)×10−6, with a total
signiﬁcance of 6.7σ. This also represent the ﬁrst mea-
surement of the branching fraction of this decay using
timing information from the ECL.
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